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Abstract
Background: Many low- and middle-income countries are experiencing an epidemiological transition from
communicable to non-communicable diseases. This has negative consequences for their human capital
development, and imposes a growing economic burden on their societies. While the prevalence of such diseases
varies with socioeconomic status, the inequalities can be exacerbated by adopted lifestyles of individuals. Evidence
suggests that lifestyle factors may explain the income-related inequality in self-reported health. Self-reported health
is a subjective evaluation of people’s general health status rather than an objective measure of lifestyle-related ill-
health.
Method: The objective of this paper is to expand the literature by examining the contribution of smoking and
alcohol consumption to health inequalities, incorporating more objective measures of health, that are directly
associated with these lifestyle practices. We used the National Income Dynamic Study panel data for South Africa.
The corrected concentration index is used to measure inequalities in health outcomes. We use a decomposition
technique to identify the contribution of smoking and alcohol use to inequalities in health.
Results: We find significant smoking-related and income-related inequalities in both self-reported and lifestyle-
related ill-health. The results suggest that smoking and alcohol use contribute positively to income-related
inequality in health. Smoking participation accounts for up to 7.35% of all measured inequality in health and 3.11%
of the inequality in self-reported health. The estimates are generally higher for all measured inequality in health (up
to 14.67%) when smoking duration is considered. Alcohol consumption accounts for 27.83% of all measured
inequality in health and 3.63% of the inequality in self-reported health.
Conclusion: This study provides evidence that inequalities in both self-reported and lifestyle-related ill-health are
highly prevalent within smokers and the poor. These inequalities need to be explicitly addressed in future
programme planning to reduce health inequalities in South Africa. We suggest that policies that can influence poor
individuals to reduce tobacco consumption and harmful alcohol use will improve their health and reduce health
inequalities.
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Background
Many low- and middle-income countries are experien-
cing an epidemiological transition from communicable
to non-communicable diseases [7]. This has negative
consequences for their human capital development, and
imposes a growing economic burden on their societies
[26]. While the prevalence of such diseases varies with
socioeconomic status, the inequalities can be exacer-
bated by adopted lifestyles of individuals. Evidence based
assessment of this relationship is useful for policies
towards reducing unhealthy behaviours. A number of
studies have examined the effects and contributions of
lifestyle factors such as tobacco use, harmful use of alco-
hol and obesity on income-related inequalities in health
[4, 45]. Evidence from these studies has been important
for the formulation of anti-smoking and alcohol policies.
While such research provides evidence on the overall
contribution of these factors on income-related inequal-
ity in self-reported health (SRH) and mortality, they do
not explore their contribution to specific lifestyle-related
diseases. In addition, self-reported health is a subjective
evaluation of people’s general health status [34] rather
than an objective measure [57]. This paper expands the
analysis of the contributions of smoking and alcohol
consumption to income-related inequality in health by
incorporating more objective measures of health that are
directly associated to these lifestyle practices. The main
argument in this paper is that using SRH as a measure
underestimates the contributions of smoking and alcohol
use to income-related inequality in health. It should be
noted that self-reported health and self-assessed health
are used interchangeably in this paper.
The idea from the growing body of literature is that
the gradient in inequality in health between the poor
and the rich is likely to depend on differences in lifestyle.
The hypothesis is that unhealthy practices have negative
health effects and if concentrated among the poor,
socioeconomic-related inequalities in health will widen
[10, 13, 45]. In this regard, the important contribution of
education, occupation, and age [27] and social determi-
nants of health [2] on income-related inequality in
health have been examined empirically. Studies that have
attempted to examine the contribution of lifestyle factors
such as smoking, alcohol use and obesity on income-
related health inequality, have done so without consider-
ing health outcomes that may be directly associated with
these factors [38, 45]. This paper contributes to the
existing literature by considering health outcomes that are
directly associated with smoking and harmful alcohol use.
Globally, over 63% of all deaths are attributable to
non-communicable diseases (NCDs), and over 6 million
premature deaths each year are attributed to smoking-
related ill-health, making tobacco use the leading avoid-
able risk factor for NCDs [18, 33, 54]. While reducing
premature mortality from NCDs is now on the post-
2015 development agenda, it is estimated that by 2030,
deaths from NCDs will be five times higher than deaths
from communicable diseases in low- and middle-income
countries [36]. The rapid acceleration of the NCDs is
mainly due to lifestyle changes, including smoking and
harmful alcohol use. In South Africa, it is estimated that
tackling lifestyle risk factors associated with NCDs could
reduce premature disability and mortality by 20% [3].
The prevention of NCDs is considerably more effective
and less costly than their treatment [12]. The priority of
many health care systems, including the National Health
System in South Africa, is to mitigate inequalities in
health, partly by reducing unhealthy behaviours of
individuals. Smoking and alcohol interventions since the
democratic transition in 1994, in South Africa have
reduced levels of smoking and harmful alcohol use, but
the declines are not evenly distributed across income
quintiles (see Table 1). This necessitate the need to
examine how the uneven distribution of the decline in
smoking and alcohol use contribute to inequality in
related health outcomes.th=tlb=
Evidence still points to wide inequalities in the distri-
bution of health in South Africa, with those at the top
end of the socioeconomic scale having better health out-
comes [1, 2]. Two in every five deaths in South Africa
are related to NCDs, with a high prevalence attributed
to avoidable risk factors such as tobacco use and alcohol
consumption [52]. Socioeconomic-related inequalities in
health are particularly widened by the ongoing preva-
lence of NCDs among poor South Africans, and the
likely consequence of health-damaging behaviours and
living conditions. While there has been a decline in both
smoking and per capita alcohol consumption in the last
two decades, there is little evidence on how this has af-
fected inequalities in health, and whether income-related
health inequality from such behaviours are concentrated
among the poor or the rich. An analysis of the contribu-
tions of tobacco and alcohol use to health is essential for
policies that can improve health outcomes and reduce
health inequalities and the growing economic burden of
risky lifestyles in developing countries.
The optimal level of alcohol consumption is not zero,
since it has both beneficial and harmful effects on
health. Evidence suggests that overall, harmful and ex-
cessive alcohol consumption is the third most important
risk factor contributing to NCDs, injuries, and commu-
nicable diseases [53]. The effects of alcohol use on
health are dependent on the pattern of drinking and the
volume of alcohol consumed. In South Africa, alcohol
consumption has a long social history and the industry
is now an integral part of the economy, creating employ-
ment opportunities and contributing about 1.7% to
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government revenue each year. The costs of drunken
driving accidents, alcohol-related medical costs, alcohol-
induced domestic violence, and premature death from
alcohol induced illnesses have made the industry respon-
sible for much misery in the country. The adult per
capita consumption is 11 l of pure alcohol and the aver-
age consumption per drinker of about 27.1 l of absolute
alcohol is among the highest in the world [53]. Over
45% of drinkers in South Africa are weekly heavy epi-
sodic drinkers, showing a peculiar and hazardous pattern
of drinking [51].
Data and Method
The analysis is based on data from the four waves of the
National Income Dynamic Study (NIDS). This includes
Wave 1 (conducted in 2008), Wave 2 (2010–2011), Wave 3
(2012) and Wave 4 (2014–2015). NIDS is a national repre-
sentative panel survey repeated with the same household
members every two years, tracking changes in the well-
being of individuals and households over time. Individuals
are interviewed on a range of topics, including their socio-
economic status, disease profile, and lifestyle attributes.
Our analysis focuses on individuals aged 15 years and older.
The sample sizes vary across waves, depending on the
number of Continuing Sample Members and Temporary
Sample Members. We consider the four available waves to
explore the dynamics between income-related health
inequality and cigarette smoking and alcohol consumption.
Measurement of income
We use two measures of income, namely, household per
capita income, and household income per equivalent
adult. Using aggregate income of households to make
comparisons may be deceptive, since households differ in
size and demographic composition. Comparison of house-
hold income requires some form of normalisation. The
simplest way is by comparing household per capita income
by taking household total income as a ratio of household
size. The assumption in this approach is that the cost of a
child is equivalent to the cost of an adult. However, a more
complex approach is required to control for household
demographic make-up. We do this by converting house-
hold income to household income per “equivalent adult”.
This method assumes that the general cost of a child is
smaller than the cost of an additional adult.
For household income per adult equivalent, if E is an
index for household needs, then E is likely to depend on
age of household members and the household size. If AE
is the adult equivalent household income and X is the
unadjusted household income, then AE = X/E. While
there are several formulations for E, we use the double
parameter class of equivalence scales of Cutler and Katz
[14], given by E = (NA + cNc)
θ. Where NA is for adults
and Nc is for children; c is a parameter for the cost of a
child relative to that of an adult and θ measures overall
economies of scales within the household. Children are
counted as adults if c = 1 [11]. In most cases, the values
of c and θ are between 0 and 1. In the context of South
Africa, most researchers tend to set c = 0.5 and θ = 0.9 as
proposed by Deaton in 1993 (see, [37]). Using a variety
of combinations of c and θ for meaningful comparisons
by Woolard and Leibbrandt [56] the results were not
significantly different from the bench marked values of
c = 0.5 and θ = 0.9.
Measurement of health
We explore the contribution of cigarette smoking and
alcohol consumption to income-related health inequality
using a range of health indicators. The indicators are se-
lected based on their availability in the data-sets used
and their likely association with the chosen health-
related behaviours (smoking and harmful alcohol use).
The following health outcomes were analysed: Diag-
nosed with tuberculosis, diagnosed with high blood pres-
sure, diagnosed with diabetes, diagnosed with stroke,
diagnosed with heart problems, diagnosed with cancer,
having persistent cough, experiencing depression, and
experiencing chest pain. Information on these indicators,
though reported by the respondents, are based on med-
ical diagnoses, and can be regarded as objective mea-
sures of health. All health measures are defined as
binary outcomes equivalent to 1 if the respondent re-
ported to be diagnosed of a particular disease. For a
more generic measure, we use principal component ana-
lysis to reduce these indicators to a single index value
for health status.
The World Health Organisation (WHO) defines health
as the state of complete physical, mental, and social
well-being, and not just the absence of disease or infirm-
ity. Based on this definition, it is difficult to find a meas-
ure that collapses the separate dimensions of health into
one construct. The international literature indicates that
individuals consider all dimension of health when asked
to evaluate their health. The literature shows that self-
assessed health is a strong predictor of mortality and
health care utilisation [6, 28, 30, 46]. Self-assessed health
is one of the closest measures that captures all dimen-
sions of health, and is frequently used in health inequal-
ity literature. We conduct a sensitivity analysis by
including self-assessed health as part of our health meas-
ure. This variable takes the value 1 if an individual re-
ported excellent, very good or good health and zero if
they report their health as fair or poor. The results are
consistent across all measures, with individuals from
poor households more likely to report ill health than
those from rich households, and with alcohol and to-
bacco consumption contributing positively to income-
related inequality in health.
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Alcohol- and smoking-related disease profiles
In this section we discuss how the considered health
conditions are associated with smoking and alcohol use.
The bioactive compounds in nicotine have far-ranging
effects on human health. For example, nicotinic recep-
tors are found not only in the brain, but throughout the
body, such as in muscle, lungs, kidneys, and skin [29,
31]. Evidence suggests a strong and positive relationship
between smoking and alcohol use on tuberculosis [23,
32], with greater risk among individuals who are both
smokers and drinkers [21]. Murray et al. [39] showed
that smoking is a strong predictor of lung cancer, and
the associated risk from smokeless tobacco is less than
the risk from smoking traditional tobacco products [9].
The risk of having cardiovascular heart diseases is high
at all levels of cigarette smoking, even at fewer than five
cigarettes per day [42]. Evidence from epidemiologic and
pathogenesis studies support a potential causal relation-
ship between smoking and type 2 diabetes [58]. Even
after controlling for age, hypertension, and cardiovascu-
lar disease risk factors, Wolf et al. [55] showed that
smoking was significantly related to the incidence of
stroke. Using a structural equation modelling, Boden et
al. [8] suggest that nicotine dependence leads to in-
creased risk of depression.
Unlike smoking, alcohol use has both beneficial and
detrimental effects on diabetes and some cardiovascular
diseases, depending on the patterns and volumes of alco-
hol consumed. Evidence suggests a strong relationship
between ethanol and cancers [41]. Systematic reviews
have shown that alcohol consumption increases the risk
of developing cancer (see [19, 43]). The effects of alcohol
use on diabetes are dose dependent and the risk of type
2 diabetes reduces with moderate alcohol use (see [5]).
Excessive alcohol consumption may increase body
weight, the concentration of fats in the blood, and blood
pressure [50]. A review by Rehm et al. [40] shows the
risk of depression is two- to three-fold higher among al-
cohol users. Harmful alcohol use affects multiple aspects
of the cardiovascular system, and increases the risk of
hypertension, heart disease, and stroke [22].
Measure of health inequality
We use the health concentration index (CI) to examine
the extent of income-related inequality in the distribu-
tion of ill-health across the population [48]. Unlike the
Gini index, which measures inequalities in health, the CI
is a bivariate measure of inequality in health status re-
lated to the ranking of (an)other variable(s) (in our case
income or smoking). The CI lies between −1 and +1,
and it takes a positive value when income-related
inequality favours the rich and negative values if it
favours the poor [48]. The value of CI will be zero, if the
population’s ill-health is evenly concentrated along the
distribution of income or if, on average, the positive and
negative effects across the distribution cancel out. The
index is −1 if all ill-health in a population is concen-
trated among the poor and +1 if all ill-health is concen-
trated among the rich (see, [1, 44]).
The advantage of the standard CI is that it provides
the possibility of summarising the extent of inequality in
a single measure that can be used to compare inequality
levels over time, and across countries and groups. How-
ever, the standard CI may not be a good measure for
comparing inequality between countries and over time,
if the health indicators are bounded [47]. For dichotom-
ous outcome variables, the bounds of the CI depend on
the mean (μ) of the variable and lies between μ − 1 and
1 − μ. While Wagstaff [47], suggests normalisation of the
CI using (1 − μ), Erreygers [16] argues that this is an ad
hoc procedure and proposes the use of a corrected con-
centration index (CCI) with the claim that it satisfies
level independence (that is an equal increment of health
for all individuals does not affect the value of the index).
All health outcomes used in this paper are binary and
bounded in nature (between 0 and 1), and therefore to
be able to compare our inequality indices over time, we




Where μ is mean health status, C is the standard CI, b
is the maximum level of health (1) and a is the mini-
mum level of the health variable (0).
Decomposition of the CCI by Factors (alcohol use and
smoking)
The standard CI can be decomposed to net out the con-
tribution of different covariates to income-related health
inequality using a regression technique [15, 49]. The
CCI is a modification of the standard CI, to satisfy the
desired properties of a rank dependent index, and can
be decomposed using the same technique as the CI.
First, the regression analysis expresses the health vari-
ables as a function of its determinants as follows:
hi ¼ αþ
X
kβkixki þ εi ð2Þ
Where hi is the health status of individual i, xk is a set
of demographic characteristics, and socioeconomic fac-
tors, including cigarette smoking and alcohol consump-
tion, α is the constant and εi is the error term. The
decomposed CCI is the weighted sum of the CI for each
health covariate. The weights are the partial effects and
the CCI can be re-written as:
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Where ¯xk and CIk are the means of xk and CI respect-
ively, GCk and GCε are the generalised concentration in-
dices for xk and the error term. This allows us to
estimate the contribution of cigarette smoking and alco-
hol consumption to income-related inequalities in
health. The overall contribution of each of these factors
to income-related inequalities in the respective health
outcomes is the product of three separate components,
namely, the coefficient (βk); the prevalence of each vari-
able given by its mean (x¯k); and the distribution of the
variable across income groups, given by the concentra-
tion index (CIk), multiplied by four.
The approaches for decomposing bivariate rank
dependent indices [16, 49] are one-dimensional, ignoring
the covariance between health and income [17]. In
addition, most of these approaches focus on procedures
that give little thought to identification strategies [20],
are not explicit about the parameter of interest, and re-
quire identifying assumptions [17, 24, 35]. To address
these limitations, Erreygers and Kessels [17] and Kessels
et al. [35] develop a set of two-dimensional indices that
consider the covariance between health and income.
Heckley et al. [24] also propose the use of a regression-
based decomposition of a bivariate rank dependent
index that relaxes some identifying assumptions of the
decomposition of Wagstaff et al. [49], stating clearly the
parameter of interest and the underlying assumptions.
This approach is a suitable method for determining the
causal effect of a covariate on the index, and a useful de-
scriptive decomposition method when no causal infer-
ence is made, but relies on a suitable identification
strategy [24]. These approaches are potential ways to ac-
knowledge the bivariate nature of such inequality indi-
ces. However, the requirements of such structural
equation modelling are data demanding (it requires two
instrumental variables for health and for rank (income)
respectively) limiting their application (see [24]).
Results
The means and smoking-related health inequality indi-
ces of each health indicator by wave, presented in Table 2
provide interesting basis for over time comparison. The
means of some health indicators, such as tuberculosis,
stroke, and cancer, are higher for respondents in Wave 4
than in Wave 1, but are lower for high blood pressure,
heart diseases, and self-reported health. Depression has
the highest mean values, ranging from 40% in Wave 2 to
51% in Wave 4, and cancer has the lowest mean values,
ranging from 0.3% in Wave 2 to 2% in Wave 4. The pro-
portion of those with self-reported poor health de-
creased by 28% between Wave 1 and Wave 4, indicating
an improvement in health over the period. Conversely,
the health index for smoking-related diseases suggests a
deterioration over the period. The results show that
there is a smoking gradient in health, for all four waves,
for both smoking intensity (average number of cigarettes
smoked a day) and smoking duration (the number of
years an individual has been a smoker). NIDs did not
collect data on duration and intensity of alcohol con-
sumption. This limits the assessment of alcohol-related
inequality in health.
The corrected concentration indices for both smoking
intensity and smoking duration are generally positive
and significantly different from zero, indicating that poor
health is concentrated among heavy smokers and those
with longer smoking duration. There are substantial dif-
ferences in the level of inequality between health indica-
tors and across waves. The magnitudes of the inequality
estimates are generally higher when smoking duration
rather than smoking intensity is used and are consistent
between the health indicators and across waves.
Smoking-related inequality in self-reported health de-
creased from 0.270 in Wave 1 to 0.193 in Wave 4 for
smoking duration and from 0.024 to 0.022 for smoking
intensity. Similarly, smoking-related inequality in the
health index decreased from 0.089 in Wave 1 to 0.050 in
Wave 4 for smoking duration and from 0.019 to 0.006
for smoking intensity. This confirms that tobacco con-
sumption is hazardous at all levels and smoking-related
health effects are more time than intensity dependent.
The means and income-related health inequality esti-
mates for each health indicator by wave are reported in
Table 3. The proportion of respondents self-reporting
poor health decreased from 0.177 in Wave 1 to 0.108 in
Wave 4, indicating an improvement in average health
status. Using the health index, we find that the means
range between −0.125 and 0.034, indicating an increase
prevalence of non-communicable diseases (note that
higher values of the index signify poor health). The dis-
tribution of smoking prevalence, alcohol consumption,
and disease burden by income quintile is presented in
Table 1. The prevalence of smoking and alcohol use is
primarily among those in the lower income quintiles.
On the other hand, those in the highest income quintile
(richest) are less than proportionally represented in the
prevalence of smoking and alcohol use.
It is evident from Table 1 that the prevalence of
lifestyle-related diseases is higher among individuals in
the lower income quintiles. This is seen over time with
the exception of cancer which is more prevalent among
those in the highest income quintile. The concentration
indices for most of the health indicators in Table 3 are
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negative, indicating a concentration of ill-health among
the poor. For example, the concentration indices for the
health index range from −0.019 in Wave 1 to −0.003 in
Wave 4, indicating a decline in income-related inequality
over time. Generally, the inequality indices are higher
when household per capita income is used than when
the per capita income by adult equivalent is used. How-
ever, the results are consistent across the two measures,
indicating that there is an income gradient in health that
varies among diseases and across time.
In Table 4, we summarise the percentage contributions
of cigarette and harmful alcohol use to observed
income-related health inequality. The contribution of
each variable can be positive or negative, depending on
the sign of its health effects and its distribution by
income (shown by the sign of the CCI). A positive (nega-
tive) percentage contribution of each covariate implies
that ceteris paribus, income-related health inequality will
be lower if the covariate is equally distributed across in-
come groups, or the covariate has a zero-health elasti-
city. Smoking accounts for 3.02 to 7.35% of all measured
inequality in the health index in Wave 1 and Wave 4, re-
spectively, and a maximum of 3.11% for self-reported
health (see Wave 3 data in Table 4). Alcohol use
accounts for 15.44 to 27.83% of all measured inequality
in the health index in Wave 1 and Wave 4, respectively,
with a maximum of 3.63% for self-reported health (see
Wave 2 of Table 4). Using the EQ-5D1 as a measure of
health, Vallejo-Torres and Morris [45] obtains a
maximum contribution of 2.3% for smoking in for UK.
Table 2 Mean health and smoking-related health inequality by disease type and by wave
Panel A Wave 1 Wave 2
All smokers Smoking intensity Smoking duration All smokers Smoking intensity Smoking duration
Variable Obs Mean CCII SE CCIage SE Obs Mean CCII SE CCIage SE
Diagnosed of tuberculosis 3,271 0.048 0.001 (0.009) 0.060*** (0.009) 2,640 0.044 0.038*** (0.009) 0.037*** (0.010)
Have high blood pressure 3,274 0.112 0.053*** (0.013) 0.233*** (0.012) 2,636 0.077 0.043*** (0.013) 0.195*** (0.013)
Diagnosed of diabetes 3,267 0.021 0.021*** (0.006) 0.057*** (0.007) 2,633 0.019 0.018** (0.007) 0.053*** (0.007)
Diagnosed of stroke 3,268 0.008 0.000 (0.004) 0.016*** (0.004) 2,645 0.007 0.001 (0.004) 0.015*** (0.003)
Diagnosed of heart diseases 3,266 0.026 0.028*** (0.006) 0.054*** (0.006) 2,638 0.015 0.009 (0.006) 0.038*** (0.006)
Diagnosed of cancer 3,265 0.005 0.019*** (0.004) 0.022*** (0.004) 2,643 0.003 0.002 (0.004) 0.021*** (0.004)
Have persistent cough 3,259 0.131 0.028** (0.013) 0.077*** (0.013) 2,646 0.166 −0.005 (0.016) 0.095*** (0.017)
Experienced depression 3,270 0.460 −0.065*** (0.019) −0.021 (0.019) 2,632 0.395 −0.168*** (0.21) −0.065*** (0.022)
Experienced chest pain 3,253 0.114 0.008 (0.012) 0.082*** (0.013) 2,648 0.104 −0.013 (0.013) 0.099*** (0.014)
Self-reported poor health 3,259 0.176 0.024*** (0.015) 0.270*** (0.015) 2,651 0.101 −0.001 (0.014) 0.145*** (0.014)
Health index 3,207 −0.078 0.019*** (0.006) 0.089*** (0.005) 2,562 0.086 −0.002 (0.007) 0.085*** (0.007)
Panel B Wave 3 Wave 4
All smokers Smoking intensity Smoking duration All smokers Smoking intensity Smoking duration
Obs Mean CCII SE CCIage SE Obs Mean CCI SE CCIage SE
Diagnosed of tuberculosis 3,235 0.072 0.010 (0.010) 0.056*** (0.010) 4,038 0.056 0.021*** (0.008) 0.022*** (0.008)
Have high blood pressure 3,232 0.139 0.067*** (0.014) 0.280*** (0.013) 3,897 0.098 0.025** (0.011) 0.186*** (0.011)
Diagnosed of diabetes 3,231 0.030 0.048*** (0.008) 0.093*** (0.008) 4,176 0.027 0.022*** (0.006) 0.073*** (0.006)
Diagnosed of stroke 3,235 0.006 0.004 (0.003) 0.012*** (0.003) 4,240 0.010 0.003 (0.004) 0.032*** (0.004)
Diagnosed of heart diseases 3,238 0.041 0.026*** (0.008) 0.086*** (0.008) 4,179 0.020 0.014*** (0.005) 0.039*** (0.005)
Diagnosed of cancer 3,236 0.007 0.012** (0.003) 0.012*** (0.003) 4,250 0.016 0.035*** (0.005) 0.010** (0.004)
Have persistent cough 3,239 0.211 0.023 (0.016) 0.118*** (0.016) 4,265 0.168 0.015 (0.012) 0.059*** (0.012)
Experienced depression 3,222 0.451 −0.064*** (0.019) −0.022 (0.020) 4,263 0.505 −0.071*** (0.017) −0.022 (0.016)
Experienced chest pain 3,239 0.112 0.000 (0.012) 0.042*** (0.013) 4,264 0.128 0.012 (0.011) 0.093*** (0.011)
Self-reported poor health 3,238 0.137 0.061*** (0.013) 0.203*** (0.013) 4,262 0.126 0.022** (0.011) 0.193*** (0.011)
Health index 3,185 0.117 0.023*** (0.006) 0.087*** (0.006) 3,606 0.185 0.006** (0.017) 0.050*** (0.003)
Notes: Results presented in this table are corrected concentration indices for smoking-related health inequality. The health indicators are all binary outcomes
equivalent to 1 if the respondent is diagnosed of a given disease. The health index is continuous with high values representing poor health outcomes. The
cigarette smoking variables are both continuous. Positive values of smoking-related health inequality indices indicate that poor health is concentrated among
heavy smokers and those with longer smoking duration. ***Statistically significant at the 1% level; statistically significant at the 5% level; *statistically significant
at the 10% level




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Mukong et al. International Journal for Equity in Health  (2017) 16:103 Page 9 of 14
While the percentage contributions of smoking and al-
cohol use to individual diseases are small, their overall
effect on health (measured by the health index) is larger.
Our data indicates that some individuals are both
smokers and drinkers, and others are neither smokers
nor drinkers. There is need to examine the separate
contribution of non-smoking drinkers, non-drinking
smokers and smoking drinkers to the measured inequal-
ity in health. In Table 5, we report the combined
percentage contribution of smoking and alcohol use to
income-related health inequality. The analysis is limited
to self-reported health and the health index. The com-
bined use of cigarettes and alcohol accounts for 9.83 to
17.61% of all measured inequality in the health index in
Wave 1 and Wave 4, respectively, with a maximum of
2.8% for self-reported health (see Wave 1 of Table 5).
The contributions from non-smoking drinkers are gen-
erally higher than those from non-drinking smokers.
This suggests that individuals who are both smokers and
drinkers have higher risk of ill-health than non-smoking
drinkers and non-drinking smokers. Because the effects
of smoking on health are not immediate, we also exam-
ine the contribution of smoking duration on health sep-
arately. For smoking-related ill-health, the estimates are
higher when smoking duration is considered than when
smoking participation is used (see Table 6). In the ana-
lysis, we control for covariates that are associated with
health, so that the estimated effects of smoking and alco-
hol consumption are unconditional.
Discussion
International evidence has attempted to measure the
contribution of smoking, alcohol use and obesity to
socioeconomic-related inequalities in self-reported health
[4, 44, 45]. A consistent positive contribution of these life-
style factors to income-related inequality in self-reported
health has been identified. In the context of South Africa,
a number of studies have highlighted the prevalence of
both communicable and non-communicable diseases
among poor individuals and households (see [1, 2]). These
studies show inequality in the distribution of health out-
comes between the poor and the rich, but do not show
how this can be attributed to differences in lifestyles. This
paper attempts to provide evidence of the contribution of
smoking and alcohol use on income-related health
inequality in South Africa and in the process contribute to
the international literature by incorporating more object-
ive measures of lifestyle-related health outcomes.
We first measure smoking-related health inequality
and income-related health inequality for a number of
health indicators, using NIDS 2008–2015, a national
representative panel data set for South Africa. Second,
we decompose the income-related health inequality indi-
ces into observable health-related covariates, including
smoking and alcohol consumption. The findings suggest
that, for all health indicators, the burden of ill-health is
significantly concentrated among individuals with high
smoking intensity and longer smoking duration. The
magnitude of the inequalities varies significantly among
diseases and across waves. The majority of the health
indicators show marked inequality related to smoking
duration rather than to smoking intensity. For example,
the concentration indices for the health index are larger
when smoking duration is used than when smoking
intensity is used. Effective tobacco control policies that
reduce the prevalence of tobacco use among the poor
than the rich are likely to narrow smoking-related health
inequalities.
Two different measures of income are used to com-
pute income-related inequality, namely, household per
capita income and household per capita income by adult
equivalent scale. Inequality in the distribution of most of
the diseases is concentrated among the poor than among
the rich. The findings are generally consistent across the
different measures of income. The magnitude of
income-related inequality varies across waves (it in-
creases as we move from Wave 1 to Wave 4) and among
health indicators. Using repeated cross-sectional data to
explore inequality trends in the United Kingdom (UK),
[25, 45] confirm a modest increase in income-related
health inequality over time. This paper has shown that
smoking and alcohol consumption contribute positively
to income-related inequality in health, deteriorate health
significantly, and are concentrated mainly among the
poor (CCIs > 0). In general, the contributions of alcohol
consumption are larger than the contributions from
cigarette smoking (probably due to the proportion of
alcohol users in the sample) and both increase over time.
In all waves, the contributions of smoking and alcohol use
to income-related inequality are significant, but less than
the overall contributions from other factors.
Therefore, reducing tobacco consumption and alcohol
use could be an effective policy for reducing the preva-
lence of lifestyle-related diseases and narrowing inequal-
ities in health in South Africa. While the prevalence of
these avoidable risky health behaviours are expected to
be concentrated among the poor, related interventions
are also more likely to cause the poor to quit or not
to initiate such behaviours. However, the poor are
more likely than the rich to switch to consuming
illicit cigarettes and alcohol (cheaper options), but
these unregulated alcohol products may be more
dangerous to health. To validate this argument, infor-
mation on consumption of illicit alcohol and tobacco
products at an individual level is required. Unfortunately,
data on illicit consumption of both tobacco and alco-
hol is difficult to collect and rarely collected in
surveys.
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The existing data allows us to analyse smoking-related
inequality in health. However, it could not be used to
analyse alcohol-related inequality in health. NIDS has no
information on the intensity and duration of alcohol
consumption, limiting the discussion on alcohol-related
health inequality. A comparison of smoking-related
inequality in health and alcohol-related inequality in
health in South Africa requires a comprehensive data set
on alcohol consumption in the country.
The lifestyle-related diseases profile used are self-
reported, but are based on medical diagnoses and are
regarded as objective indicators of health. However, the
assumption is that respondents fully understand and
accurately report their diagnoses. It seems plausible that
higher income groups or the more educated have a
better understanding of medical terminology and more
accurately report their health problems. In addition,
those who have limited access to medical care will not
know of their disease profile (those with less income and
limited access to quality medical care may have these
diseases but may not be aware of them). If this is the
case, measurement error may bias our findings on the
extent of health inequality. To address this bias requires
individuals to be diagnosed of these diseases at the point
of data collection.
Conclusion
This paper contributes to existing evidence by incorpor-
ating more objective measures of health that are directly
associated with smoking and harmful alcohol use. In-
equality in the distribution of most of the associated dis-
eases is concentrated among the poor than among the
rich, irrespective of the income measure used. Evidence
suggest that smoking and harmful alcohol use contribute
positively to income-related inequality in health. The
contributions from alcohol are generally larger (probably
due to the proportion of alcohol users in the sample).
For all health indicators, the burden of ill-health is
significantly higher when more objective measures of
health are considered, than when self-reported health is
considered. The contributions of smoking and alcohol
use to income-related inequality are significant but less
than the overall contributions from other factors. Redu-
cing tobacco and alcohol use could be an effective strat-
egy for reducing the prevalence of such lifestyle-related
diseases, and narrowing inequalities in health. While the
prevalence of these avoidable risky health behaviours are
expected to be concentrated among the poor, related
interventions are more likely to cause them to quit or
not to initiate such behaviours. Concerted efforts of the
government to effectively reduce the rate of tobacco and
harmful alcohol use, especially among the poor are likely
to narrow health inequalities in South Africa.
Endnotes
1The EQ-5D is a generic measure of health status
which is applicable to a wide range of health conditions
and treatments, and provides a descriptive profile that is
reducible to a single index value for health status.
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